Background: Emotion dysregulation has emerged as a transdiagnostic factor that potentially exacerbates the risk of early-onset, maintenance, and relapse of psychosis. Mindfulness is described as the awareness that emerges from paying attention to the present moment without judgment. It gently pulls the mind out of the negative emotions induced by the disparity between expectation and reality by focusing on the present moment, instead of worrying about the future or regretting the past. However, only a few research has ever focused on the efficacy of using a mindfulness-based intervention to improve emotion regulation in schizophrenia spectrum disorders. Purpose: The purpose of this study was to examine the effectiveness of a Mindfulness-Based Psychoeducation Programme (MBPP) on the emotion regulation of individuals with schizophrenia, in particular, to access emotion regulation strategies. The objective of this study was to find out whether MBPP is feasible for improving emotion regulation strategies, in terms of rumination, cognitive reappraisal, and expressive suppression, with a sustainable effect at a three-month follow-up. Patients and Methods: A single-blinded pilot randomised controlled trial with repeatedmeasures designs was adopted. Forty-six participants diagnosed with schizophrenia and its subtypes were randomised in either the 8-week mindfulness-based psychoeducation programme or treatment-as-usual (control) group. Results: The results of the Generalised Estimating Equations test indicated that the MBPP group showed a significant improvement in reappraisal at a three-month follow-up (β = −6.59, Wald's χ 2 =4.55, p=0.033), and a significant reduction in rumination across time. However, the Generalised Estimating Equations indicated no significant difference in rumination and expressive suppression in the MBPP group. Two participants reported having unwanted experiences, including feelings of terror and distress during the mindfulness practice. Conclusion: The MBPP appeared to be effective for improving emotion regulation, which will contribute to future large-scale RCT to confirm the treatment effects in more diverse groups of schizophrenic patients.
Introduction
Schizophrenia is one of the top 25 leading causes of disability worldwide, it affects about 1.1% of the general population, i.e. more than 21 million people worldwide. 1, 2 It is highly associated with affective disturbance, psychiatric comorbidities, social dysfunction, illness relapse and suicide. [3] [4] [5] Antipsychotics are effective in reducing the psychotic symptoms associated with schizophrenia but are considered ineffective for improving the functioning and residual symptoms. 6, 7 Recent practice guideline has informed the importance of using psychosocial intervention in conjunction with pharmacotherapy to improve the symptoms control, functioning, and relapse prevention. [8] [9] [10] The guideline suggests that cognitive behavioural therapy (CBT), family intervention and social skills training have been confirmed to provide short-term benefits in mental status, symptom management, and enhance medication adherence. 11 Unfortunately, these reports from CBT, social skills programme and family intervention are inconsistent with providing longer-term benefits, particularly in the mental status, functioning, and prevention of relapse. 6, [12] [13] [14] [15] [16] Besides, these interventions provide only limited empowerment of the patients' illness management and fail to develop their acceptance attitude towards the illness and life difficulties, hence, resulting in a general pattern of unsuccessful long-term management and persistent unsatisfactory functioning in schizophrenia. 7, 17 Emotion regulation difficulty refers to the difficulty of a person to modulate their emotions in response to emotionelicited stimuli. 18, 19 The model for the process of emotion regulation by explained that emotion regulation starts by selecting, or avoiding situation (situation selection/modification) that needs to be attended to (attentional deployment), giving rise to an appraisal of the situation's valance and motivational relevance (cognitive appraisal), and expressing emotion in response to environmental demands (emotional modulation). 20 (Figure 1 ).
Attentional deployment refers to redirect one's attention toward or away from an emotional situation; it may include rumination, which refers to a perseverative focus on thoughts and feelings associated with an emotion-eliciting event. 21 Cognitive change involves one imbuing the emotional situation with meaning. 22 Reappraisal is a form of cognitive change, involving a reinterpretation of the meaning of an emotional situation. 21 Response modulation occurs when one attempts to directly influence the experiential, behavioural, and physiological response after the emotion is generated. 22 Example includes expressive suppression in which people use expressive suppression to inhibit their emotional expression. 21 It has been discovered that people with schizophrenia have difficulty with emotion regulation process. Findings exhibit that they have substantial emotion awareness deficits, and initiates more emotion regulation strategies at a lower threshold of negative emotional intensity. 23, 24 Studies also showed that schizophrenia patients select more emotion regulation strategies which include rumination, reappraisal, suppression, and situation modification, than healthy subjects. 24 Besides, they become lost in the struggle of ruminations and attempts to confront negatively valenced experiences. 24, 25 Recent studies and meta-analysis suggested that compared to healthy controls, individuals with schizophrenia were associated with a greater use of rumination (g = −0.67, moderate to large effect size) and expressive suppression (g= −0.44), while an adaptive strategy, such as cognitive reappraisal (g = 0.49) was negatively associated with schizophrenia. 24, 26, 27 Studies have discovered that the maladaptive use of rumination, reappraisal and suppression in schizophrenia is associated with negative Response-focused emotion regulation Figure 1 The process model of emotion regulation by . Note: Gross JJ, The emerging field of emotion regulation: an integrative review, Rev Gen Psychol, 2(3), pp. 271-299, copyright © 1998 by SAGE Publications, Adapted with permission from SAGE Publications, Inc. 22 emotion, affective blunting, exacerbation of symptoms, and relapse. [28] [29] [30] [31] [32] The increased use of suppression is closely associated with reduced emotional expressivity or blunted affect, alongside the normal or even stronger emotional experience and intensity. 33 Emotion regulation difficulties were also linked to the disruption of daily life and social function impairment. 32, [34] [35] [36] [37] Better use of adaptive emotion regulation strategies may improve the emotion regulation process in schizophrenia, thus, informing a new therapeutic direction to help patients cope with emotional experiences. 27 Studies have emerged to develop emotion regulation training in this population. There were a few pilot studies that investigated emotion regulation interventions involving third-wave CBT with integrated emotion regulation 38 and Acceptance and Commitment Therapy (ACT). 39, 40 However, there is insufficient evidence to demonstrate its promising effects due to the limited sample sizes, lack of vigorous study designs and huge differences across the study protocols.
Mindfulness is described as an awareness that emerges from paying attention to the present moment without judgment. It gently pulls the mind away from the negative emotions induced by the disparity between expectation and reality by focusing on the present moment, instead of worrying about the future or regretting the past. 25, 41 Mindfulnessbased interventions (MBI) have demonstrated good effects in reducing psychological outcomes in people with depression,-42 anxiety disorders, 43 substance use, 44 bipolar affective disorder, 45 and other chronic physical conditions. 46, 47 There is increasing evidence demonstrating the safety and effectiveness of MBI in schizophrenia. Our systematic review found that mindfulness-based intervention provides encouraging short-term benefits to people with schizophrenia; for instance improving depressive symptoms, functioning, and psychotic symptoms. Possible longer-term benefits include the improvement of psychotic symptoms and functioning from 6 months up to 2 years. 48 Besides, mindfulness-based intervention integrated into psychoeducation has been confirmed to provide stronger and more desirable clinical outcomes in schizophrenia. 48, 49 Psychoeducation empowers patients with the knowledge, skills, strengths, and strategies, to overcome illness and its associated impairments. 50 Mindfulness, on the other hand, engages the participants to accept the experience without explicitly reinforcing illness management and treatment compliance. Recent randomised controlled trials demonstrated that mindfulness psychoeducation provided significant improvements in cognitive insight, psychiatric symptoms, and functioning. 41, [51] [52] [53] A single-blind, multi-site, pragmatic randomised controlled trial conducted in Hong Kong, Mainland China, and Taiwan with 300 participants consistently demonstrated significant improvement with regard to insight into illness, functioning, mental state, and the length of rehospitalisations when compared with conventional psychoeducation and control groups. 49 However, none of these studies identified mindfulness psychoeducation as a way to improve emotion regulation difficulty.
To the best of our knowledge, this is the first pilot randomised controlled trial (RCT) to explore the effectiveness of using MBPP as an emotion regulation skill training in schizophrenia. The objective of this study was to find out whether the MBPP would be feasible for improving the emotion regulation of these patients, in terms of rumination, cognitive appraisal, and suppression, and whether the positive effects could be sustainable up to a three-month followup period. The hypotheses encompassed the core emotion regulation process regarding attentional deployment, cognitive appraisal, and response modulation 22 (Figure 2 ).
Situation selection/ modification
Attentional deployment
Cognitive changes

Response modulation
Antecedent-focused emotion regulation
Response-focused emotion regulation 
Rumination Reappraisal Suppression
Event/Stimulus: MBPP
Methods
Trial Registration
This trial was registered at ClinicalTrials.gov (ClinicalTrials. gov Identifier: NCT03632278).
Study Design
The study was a single-blind, multi-centre RCT, using a repeated-measures design to examine the treatment outcomes for people with schizophrenia spectrum disorders in the community. A parallel-group randomised closely at 1:1 was chosen. Whitehead et al (2016) determined that the optimal sample size of a pilot study was 20 per treatment arm for a small standardised effect size (0.2), and this rule of thumb was used to determine the sample size in the main trial designed with 80% power and two-sided 5% significance. [54] [55] [56] The target number of recruitments in this study was therefore set at 50 with consideration of a 20% attrition rate.
Randomisation and Masking
The patients who applied to participate in the study were assessed by a trained research nurse in a face-to-face visit. The research nurse assessed these patients with the inclusion and exclusion criteria; explained to them the study's aim, procedures, and the use of data. Participants then signed the full consent form if they agreed to participate. The trained research nurse administered the baseline measures after obtaining their informed written consent. This trained research nurse was blinded to treatment allocation.
The consenting participants were randomised into either the intervention or control group by an independent research assistant. This independent research assistant generated a randomised list, in which the eligible participants were assigned a unique number using a computer program for the randomisation. 57 Block randomisation was adopted. Randomly mixed block sizes (from 2 to 10) were used to ensure the concealment of the allocation using a computer program. 58 This sequence of randomisation was repeated until all patients were recruited. To minimise assessor bias, the outcome assessor was blinded to the treatment allocation. Participants were asked not to discuss their study participation with other patients throughout the study period to minimise potential contamination.
Intervention
The mindfulness-based psychoeducation programme (MBPP) was conducted for 90 mins in each session, once a week for 8 weeks, with 6-8 participants per group. The protocol was developed based on the model of mindfulness-based stress reduction proposed by Kabat-Zinn (1992) 59 and Chien and Lee (2013). 41 The treatment protocol and its main contents are shown in Table 1 . There are four-key components in the programme: All sessions comprised the mindfulness practice (at least 20 mins) and group discussion. The programme is focused on cultivating in the participants an awareness of the present moment with an accepting, non-judgmental and letting go attitude. It also explored mindfulness approaches in illness management, problem-solving and daily living, and equipped the participants with future plans of relapse prevention and mindful living. There were two interventionists; one is a mindfulness instructor, an experienced mindfulness interventionist in psychosis. The other is a psychiatric nurse who has experience in psychoeducation group facilitation and assisting mindfulness-based interventions.
The participants were all encouraged to engage in a daily mindfulness practice guided by mindfulness audiotracks on an MP3 player distributed to them. They were encouraged to practice mindfulness for at least 5 mins per day according to the practice manual, and submit their logbook records of daily self-practice each week to the researchers.
The treatment-as-usual group received routine psychiatric outpatient services. To minimise the inflated intervention effect due to awareness of no additional intervention received, the participants in the control group received a brief telephone contact once a week for 5 mins to discuss their illness condition and daily issues during the intervention period (i.e. weekly telephone contacts for 8 weeks).
Outcomes
Outcome assessments were conducted at recruitment, and immediately after and three-month post-intervention by the research nurse who was blind to the group/intervention assignment. The primary outcomes were reappraisal and suppression, which are measured by the Chinese version of the Emotion regulation questionnaire (ERQ), 60, 61 and rumination which was measured using the Short Ruminative Response Scale (SRRS). 62, 63 Secondary outcomes included affective symptoms, psychotic symptoms and ability of mindfulness, which were measured using the Chinese version of Depression Anxiety Stress Scale (DASS-21), 64, 65 Chinese version of Psychotic Symptom Rating Scale (C-PSYRATS), 66, 67 and the Five Facet Mindfulness Questionnaire -Short form (FFMQ-SF), 68, 69 respectively. Patients' demographic and clinical data were also collected at the baseline. The negative symptoms were measured by the Self-Assessment of Negative Symptoms (SANS) 70 as a covariate in the outcome analysis. Dosages of antipsychotics were converted into chlorpromazine equivalents for comparison. 71 
Statistical Analyses
The quantitative data were analysed using IBM, SPSS for Windows version 19. The homogeneity of the demographic characteristics and baseline scores between the two study groups were examined using the independent sample t-test (two-tailed), or the Pearson Chi-square test, according to their level of measurement.
The statistical data analyses comparing the clinical outcomes between the MBPP and TAU were based on the intention-to-treat analysis (ITT), which included all randomised patients regardless of their adherence to the intervention. 72 A generalised estimating equations (GEE) test was used to investigate the interactive (group × time) effect to compare the changes in all individual outcome variables between the two study groups across time (or measurements), and the effects of time on each of the outcome variables. AutoRegressive Order 1 (AR(1)) model was applied in the GEE model to consider the time dependence of outcome variables in the working correlation matrix. 73 Pairwise comparison was used to examine the group differences on each of the outcome variables at each time of measurement. Potential covariates should be considered based on the anticipated prognostic variables rather than the significant baseline differences. 56, 73 Therefore, the results of this study presented the adjusted model of GEE to compare the difference after the adjustment of the covariant of emotion regulation, which includes age, gender, duration of illness, the dosage of antipsychotic medication, and negative symptoms. The statistical significance of all statistical tests was set at 0.05.
Results
Seventy-one patients were referred to the MBPP during the subject recruitment period between April and October 2018. Nineteen of them were excluded, 13 of which did not meet the inclusion criteria and six refused to participate due to lack of interest or time ( Figure 3 ).
Fifty-two participants were randomly assigned into either the intervention (n=26) or control (n=26) group. After the allocation, one of the participants died of an acute medical problem; and three participants disagreed to be in the intervention allocation group and withdrew from the study. Meanwhile, two participants from the control group repeatedly expressed a "strong preference" to the MBPP. They participated in the intervention group according to their preference but their results were omitted from the analysis. Finally, there were 46 participants used for the final data analysis. The majority of the participants were female (76.1%), aged over 45 years (80.4%), married (73.9%), and had a long duration of illness (ie, 93.5% had >10 years of illness. There were no statistically significant differences in all of these characteristics or in the mean scores of all outcome measures at the baseline (see Table 2 ).
The average number of attendances for each session on average in the MBPP was 6.88 (SD=1.39, range 3-8).
Chien et al (2017) defined participants' attendance of more than or equal to six sessions as satisfactory, while the attendance of fewer than six sessions was defined as low. 49 Accordingly, 20 participants (84.6%) attended six sessions or above and were defined as satisfactory attendees, and four participants (8.33%) attended below six sessions and were defined as low attendees. Fourteen out of 24 (58.3%) participants engaged in the homework during the active intervention period, i.e. self-practice at home according to the audio mindfulness guidance. The average duration of the practice was 31 min per week (SD= 17.34, range 0-86.4 mins per week). There was no homework assignment after the active intervention period. Therefore, the self-mindfulness practice after the intervention period was not measured.
The attritions over the intervention and three-month follow-up periods were relatively low. At post-intervention follow-up, one participant from the intervention group was out of contact due to temporarily being out of town, and thus did not receive the first post-test; however, the patient participated at the three-month follow-up. Two participants in the control group did not complete the three-month post-assessment and were treated as dropouts, contributing to the attrition rate of 4.3%.
One participant reported a subjective feeling of terror when practising mindfulness at night-time during the intervention period. She said she avoided practising mindfulness at night-time, and thus all her mindfulness practice was done during the daytime. Another participant had a poor relationship with her family and expressed that her felt irritable when practising mindfulness and thus stopped self-practice over the follow-up period. These psychological discomforts were treated as mild adverse events and were reported to the Institutional Review Board.
Mean (and SD) values of baseline outcome scores and two post-tests for the participants are presented in Table 3 . There were no significant differences on the baseline mean scores of all outcomes between groups (P=0.06-0.89).
Primary Outcomes -Emotion Regulation
Group X Time Interaction GEE indicated that there was a statistically significant group X time interaction in the reappraisal at T3 (β = −6.59, 95% Confidence Interval (CI) = −12.63-−0.54, Wald's χ 2 =4.55, p=0.033) of the crude model, with a moderate effect size (d=0.47) (Table 4 ). There was no group X time interaction in other primary outcomes (rumination and suppression).
Effect for Time
There was statistically significant effects of time in the total SRRS at the post-assessment (T2) (β =−2.81, 95% CI=−5. 
Secondary Outcomes Group X Time Interaction
The GEE model indicated that there was a statistically significant group X time interaction in FFMQ-Observe at T2 (β =−2.58, 95% CI = −4.99-−0.16, Wald's χ 2 =4.37, p=0.037), and T3 (β = −2.81, 95% CI = −5.56-−0.06, Wald's χ 2 =4.00, p=0.045), with a small to moderate effect 
Effect for Time
There were statistically significant effects of time on depression subscale, overall mindfulness level, mindfulness subscales, overall psychotic symptoms, and hallucination.
There was a statistically significant reduction in the depression subscale at T2 in the intervention group (β =−2.19, 95% CI=−4.07-−0.31, Wald's χ 2 =5.21, p=0.022) and in the adjusted model. Surprisingly, there was also a statistically significant reduction in depression subscale at T2 in the control group (MD=−3.00, 95% CI= 0.61-5.39, P=0.014). This indicates that there was a significant within-group improvement in depressive symptoms at T2 both in the intervention and control groups. There were no significant effects of time on the total DASS and other DASS subscale (anxiety and stress).
In the intervention group, there was a statistically significant effect of time on total FFMQ at T3 (β =5. 23 (Table 5 ). There were no significant effects of time on the emotion characteristics of hallucination, and delusion scale.
Pairwise Comparison
The pairwise comparison indicated that the participants in the MBPP group underwent statistically significant improvement in FFMQ-observe at T3 (MD=−1.80, 95% CI=−3.50-0.09, p=0.039), compared with the control group.
The pairwise comparison also indicated that there was a marginal between-group difference in the overall psychotic symptoms at T3 (MD=8.3, 95% CI =0.14 −16.70, p=0.51), with a moderate effect size (d=−0.44 at T3), indicating a marginal difference in the severity of overall psychotic symptoms at T3 in the MBPP group compared to control group. There were no significant differences in the mood symptoms, overall mindfulness level, and psychotic symptoms between the MBPP group and the control group.
Discussion
The current study demonstrates that MBPP is feasible for improving emotion regulation of adult schizophrenic patients in the community setting. The study was feasible, given the low dropout rate (4.3%) and good compliance in the intervention (84.6% attendance ≥6 sessions). Meanwhile, the main difficulty appeared in the recruitment phase. Clients with schizophrenia are difficult to reach in the community because of the social stigma, time constraints and lack of motivation. [74] [75] [76] Hence the potential candidates for the study were, therefore, less than expected.
The finding indicates that MBPP produced significantly greater improvements in some processes of emotion regulation, such as cognitive reappraisal and rumination, for up to three-month of follow-up. The results also suggested that MBPP might improve mindfulness ability and reduce the symptoms of depression, and the perceived disturbance of hallucinations. Furthermore, it shows that mindfulness psychoeducation might improve a certain degree of emotion regulation ability in schizophrenia. These results are consistent with a non-controlled study that demonstrated that combined compassion, acceptance and mindfulness (CAM) could significantly improve emotional self-regulation, which includes rumination, self-blaming and mood symptoms in people with psychosis at 3 months followup. 77 The results also echo the findings of Chien et al's studies, 41, 49, 53 which demonstrated that mindfulness-based intervention promotes significant psychotic reduction. It was however noted that the results might not be able to rule out the improvement in emotion regulation likely contributing by their improvements in symptoms. Further longitudinal studies are needed to confirm the benefits of the MBPP in modulating emotion regulation in schizophrenia. Contradictory to our hypothesis, MBPP did not effectively improve suppression in the participants. The study suggested that suppression appeared to be the ineffective emotion regulation strategy as individuals had a rebound in target thoughts, which heightened their emotionality after a designated suppression period. 78 Mindfulness, which cultivates the acceptance of unwanted experience and thoughts, is suggested to be antithetical to expression suppression. 79 Nevertheless, this study result was contradictory to previous studies which demonstrated that mindfulness training reduced expressive suppression in clinical and non-clinical populations. [80] [81] [82] Meanwhile, recent studies have suggested that emotion regulation practices and the associated psychological impacts are culturally specific. 81 Contradictory to the Western context which values emotional expression, the Asian culture considers the expression of the inner self as ego-focused, and a disturbance of social harmony. 83 Suppression may function as adaptive self-restraint and interpersonal harmony in the Asian contexts. [83] [84] [85] [86] Our study revealed that the suppression score was in the unexpected direction, it slightly increased after the MBPP and 3 months follow-up. The use of suppression in emotion regulation may serve the purpose of self-restraint and social attachment in traditional Chinese culture. Meanwhile, Western studies have consistently found that greater use of suppression in patients with schizophrenia is associated with depression, anxiety, and affective blunting, which has been associated with poorer clinical outcomes in psychosis. 27, 34, 37, 87 More studies are needed to examine the role of suppression in Chinese patients with schizophrenia, and the effectiveness of mindfulness in modulating the use of suppression and associated emotional response in this population.
In our study, two participants (7.7% of the MBPP participants) reported experiencing unwanted events during the mindfulness practice, which is substantially lower than the occurrence of unwanted events (25.4%) reported by general mindfulness practitioners. 88 The common unwanted effects that mindfulness practitioners have experienced include transient anxiety and fear (13.8%), emotional lability (2.3%), and depressive symptoms (2.3%). 88 The incidence in this study was lower than that of general practitioners reported by Cebolla et al (2017) ; and the unwanted effects were mild without the need for medical assistance. Nevertheless, the result informed the consideration of further study for the possible unwanted effects of mindfulness in this population. This trial has several limitations. First, convenience sampling was adopted for subject recruitment leading to self-selection bias. Secondly, patients were recruited from four mental health centres in two geographical regions (Kowloon and New Territories), which are associated with a high poverty rate, low household income and low social class compared to the overall demographic structure in Hong Kong. 89 Thirdly, the participants in this study were dominated by females, aged over 45, married, and with a long duration of illness. The sample bias might limit the generalisation of the findings. Fourth, both participants and clinicians in the ICCMW and LSCH were not blinded, which might produce an expectation, response bias and Hawthorne effect. Fifthly, this study adopts selfreported measurements to measure the outcomes which may induce self-reported/response bias and learning effects. The statistically significant improvement in the reported emotion regulation may not be linked to the clinical improvement and the change of emotional valence in response to the illness experience. Psychophysiological measurements such as neuroimaging or neurobiological responses should be employed in future studies to develop an understanding of the psychophysiological impact of MBPP on the emotion regulation process, and the emotional response for schizophrenia.
Conclusion
This study achieved positive results that strengthened the body of knowledge on the impacts of mindfulness psychoeducation on emotion regulation. The findings suggest that MBPP can be both feasible and acceptable by schizophrenic patients in community settings and improve emotion regulation, in terms of cognitive reappraisal, rumination, reduced depressive symptoms, and hallucination severity. These encouraging results urge further multi-centre randomised controlled trials to examine the treatment effects of using MBPP as an emotion regulation intervention in more diverse patient groups of schizophrenia. It is also important to investigate the comparative effectiveness of other psychosocial interventions and their longer-term effects on schizophrenia.
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